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• Analysis in the Defense Acquisition System
• Problem Motivation
• Utilization of Multi-Criteria Decision Making






IOT&E – Interoperability Test &    
Evaluation
LRIP – Low-rate Initial Production
PDR – Preliminary Design Review
TDS – Technology Design Specification
AoA – Analysis of Alternatives
CDR – Critical Design Review
FOC – Full Operational Capability
FRP – Full Rate Production
IOC – Initial Operational Capability* PPBE process not shown
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• Most AoAs studies lack desired structural or formal rigor
– In-context evaluations of alternatives with respect to criteria
– Determination of criteria weights
– Weakness in treating uncertainty and risk
– Inadequately aggregating preferences among stakeholders
• Analytic process ignores differing stakeholder opinions regarding importance 
of measurable criteria
Objective
• Develop a comprehensive formal framework for executing Analysis of 
Alternatives (AoA) and introduce a unified analytic structure into the process
– Propose a clear “standard” for conducting an AoA
– Explicitly addressing the role of scenarios and stakeholders in the AoA process
– Develop a “distance-based” model that simultaneously addresses all four 
dimensions of the AoA process 
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Research Motivation
• Effectiveness: determined by measures of effectiveness (MOEs)
• Operationability, reliability, maintainability, and logistics: measured by both MOEs and 
cost
• Cost: measured in money spent and/or to be spent
• Risk: cost, schedule, or performance; can be highly subjective
Examples: 
• If the item to be selected is a tank, then sub-criteria can evolve from the Effectiveness 
criteria
• Clearing mines from a strait or other body of water
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Criteria Tree




𝑤𝑤𝑗𝑗𝑣𝑣𝑖𝑖𝑗𝑗 𝑓𝑓𝑓𝑓𝑓𝑓 𝑖𝑖 = 1, … , 𝐼𝐼 (1)
where
𝑤𝑤𝑗𝑗 𝑑𝑑𝑑𝑑𝑑𝑑𝑓𝑓𝑑𝑑𝑑𝑑𝑑𝑑 𝑑𝑑𝑡𝑑𝑑 𝑤𝑤𝑑𝑑𝑖𝑖𝑤𝑤𝑡𝑑𝑑 𝑓𝑓𝑓𝑓 𝑐𝑐𝑓𝑓𝑖𝑖𝑑𝑑𝑑𝑑𝑓𝑓𝑖𝑖𝑓𝑓𝑑𝑑 𝑗𝑗
𝑣𝑣𝑖𝑖𝑗𝑗 𝑖𝑖𝑑𝑑 𝑑𝑑𝑡𝑑𝑑 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑑𝑑 𝑓𝑓𝑓𝑓 𝑣𝑣𝑣𝑣𝑑𝑑𝑑𝑑𝑓𝑓𝑑𝑑𝑣𝑣𝑑𝑑𝑖𝑖𝑣𝑣𝑑𝑑 𝑖𝑖 𝑤𝑤𝑖𝑖𝑑𝑑𝑡 𝑓𝑓𝑑𝑑𝑑𝑑𝑟𝑟𝑑𝑑𝑐𝑐𝑑𝑑 𝑑𝑑𝑓𝑓 𝑐𝑐𝑓𝑓𝑖𝑖𝑑𝑑𝑑𝑑𝑓𝑓𝑖𝑖𝑓𝑓𝑑𝑑 𝑗𝑗
Challenge: 
• There is no scientific method that could provide the “true” weight of a 
criterion
• Different stakeholders may have different opinions regarding a certain 
criterion
• Criterion may be dependent on the scenario
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Formulation
𝐺𝐺𝑖𝑖𝑣𝑣𝑑𝑑𝑑𝑑 𝑣𝑣 𝑑𝑑𝑑𝑑𝑑𝑑 𝑓𝑓𝑓𝑓 𝑅𝑅 𝑑𝑑𝑑𝑑𝑣𝑣𝑠𝑠𝑑𝑑𝑡𝑓𝑓𝑣𝑣𝑑𝑑𝑑𝑑𝑓𝑓𝑑𝑑 𝑐𝑐𝑓𝑓𝑑𝑑𝑑𝑑𝑖𝑖𝑑𝑑𝑑𝑑𝑓𝑓𝑖𝑖𝑑𝑑𝑤𝑤 𝑣𝑣 𝑑𝑑𝑐𝑐𝑑𝑑𝑑𝑑𝑣𝑣𝑓𝑓𝑖𝑖𝑓𝑓 𝑑𝑑,𝑤𝑤𝑑𝑑 𝑡𝑣𝑣𝑣𝑣𝑑𝑑
𝑐𝑐𝑓𝑓𝑖𝑖𝑑𝑑𝑑𝑑𝑓𝑓𝑖𝑖𝑣𝑣 𝑤𝑤𝑑𝑑𝑖𝑖𝑤𝑤𝑡𝑑𝑑𝑑𝑑 𝑤𝑤𝑗𝑗𝑗𝑗 𝑓𝑓𝑓𝑓𝑓𝑓 𝑗𝑗 = 1, … , 𝐽𝐽
𝑊𝑊𝑑𝑑 𝑣𝑣𝑑𝑑𝑠𝑠 𝑑𝑑𝑣𝑣𝑐𝑐𝑡 𝑑𝑑𝑑𝑑𝑣𝑣𝑠𝑠𝑑𝑑𝑡𝑓𝑓𝑣𝑣𝑑𝑑𝑑𝑑𝑓𝑓 𝑓𝑓,𝑤𝑤𝑡𝑑𝑑𝑓𝑓𝑑𝑑 𝑓𝑓 = 1, … ,𝑅𝑅 𝑑𝑑𝑓𝑓 𝑐𝑐𝑓𝑓𝑐𝑐𝑟𝑟𝑣𝑣𝑓𝑓𝑑𝑑 𝑑𝑑𝑤𝑤𝑓𝑓 𝑐𝑐𝑓𝑓𝑖𝑖𝑑𝑑𝑑𝑑𝑓𝑓𝑖𝑖𝑣𝑣
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𝑤𝑤𝑗𝑗𝑗𝑗 = 1,𝑤𝑤𝑗𝑗𝑗𝑗 ≥ 0
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𝑣𝑣𝑑𝑑𝑖𝑖𝑑𝑑𝑤𝑤 𝑀𝑀𝑆𝑆 𝐸𝐸𝐸𝐸𝑐𝑐𝑑𝑑𝑣𝑣 𝑆𝑆𝑓𝑓𝑣𝑣𝑣𝑣𝑑𝑑𝑓𝑓
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• Stakeholder assessment of relative likelihood of a particular scenario
• Differences in stakeholder influence
9
Scenario Value Function
• Developed framework provides a robust, repeatable, and transparent 
methodology for ranking alternatives
• Extends to any number of stakeholders, each of who may provide different 
and often conflicting opinions
• Technical tool that can help facilitate discussions and guide decisions; not an 
“Oracle” that provides the “solution”


















𝑒𝑒𝑗𝑗 = 1, 𝑒𝑒𝑗𝑗 ≥ 0
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Scenario Probabilities
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